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Abstract
Tactile defensiveness, characterized by behavioral hyperresponsiveness and negative emotional 
responses to touch, is a common manifestation of aberrant sensory processing in autism spectrum 
disorders (ASD) and other developmental disabilities (DD). Variations in tactile defensiveness 
with the properties of the stimulus and the bodily site of stimulation have been addressed in adults 
with self-report of perceived tactile pleasantness, but not in children. We presented three materials 
(pleasant, unpleasant, social) at three bodily sites and measured both examiner-coded 
defensiveness and self-reported pleasantness from a group of children with ASD and two 
comparison groups (one with DD, one with typical development (TD)). The main findings were: 
1) children with ASD and DD showed significantly more defensiveness reactions and lower 
pleasantness ratings than the TD group, with higher variability, 2) there was a double dissociation 
for the effects of material and bodily site of stimulation: while bodily site predicted behavioral 
defensiveness, material predicted pleasantness rating. Additionally, it was noted that 3) the most 
pleasant material and the social touch conditions best distinguished ASD and DD from TD on 
defensiveness, and 4) within the ASD group, social impairment and defensiveness in bodily sites 
associated with social touch were positively correlated, suggesting a clinically relevant distinction 
between social and discriminative touch in ASD.
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Many sources of evidence—including clinical, anecdotal, and experimental—converge to 
suggest that individuals with autism spectrum disorder (ASD) experience simple sensory 
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stimuli differently than their typically-developing peers (Baranek et al., 2006; Rogers et al., 
2005; Jones et al., 2003; Mottron et al., 2006). Experimental study of sensory differences 
has been dominated by studies of the visual and auditory modalities, perhaps in part because 
of the prominent role of visual and auditory processing in the verbal and nonverbal 
communication abilities that are impacted by ASD. However, the onset of ASD in the first 
few years of life points to the importance of pre-verbal socio-communicative development, 
for which the sense of touch plays a pivotal role.
The skin—the body's largest sensory organ—and its system of receptors develop early in 
utero, in preparation for the use of tactile sensation for rooting and sucking reflexes during 
nursing immediately after birth (Muir, 2002). Touch is a primary mode of communication in 
the first year of life (Field, 2001), when physical contact with a caregiver lays the foundation 
for social interaction and bonding (Monatgu 1986), and is associated with nourishment and 
comfort, providing the infant's earliest experiences of social reward. Maternal touch in early 
infancy (4 months) critically influences later secure attachment (Weiss et al., 2000; Beebe et 
al., 2012), and the absence of maternal touch has been associated with deleterious effects on 
behavior (Harlow & Harlow, 1962; Hertenstein, 2002). Lack of ventral-ventral contact (in 
which infants are held against a caregiver's chest) early in infancy is strongly associated with 
aberrant behavior including repetitive behaviors such as echolalia and stereotypies (Main & 
Stadtman, 1981), and the animal literature links abnormal or absent early maternal touch to 
decreased cognitive abilities, novelty exploration, and attachment (Hertenstein et al., 2006). 
If the perception of touch in these foundational early interactions differs for infants with 
ASD, these differences may contribute to the aberrant development of social, 
communication, and repetitive behaviors that characterize individuals on the autism 
spectrum.
The study of human affective response to touch in typical adult populations has utilized 
psychophysical magnitude estimation or scaling to determine what properties of tactile 
stimuli (e.g. texture, velocity, social context, force, bodily site of stimulation, etc.) contribute 
to the perceived pleasantness or unpleasantness of touch (Essick et al., 1999). Although 
interactions among these properties are complex, it is clear that soft or smooth surfaces are 
generally rated as more pleasant than stiff or rough textures (Essick et al., 2010). It is also 
clear that more intense affective responses result from passive stimulation with a material 
rather than active haptic exploration of the material (Guest et al., 2011).
This effect of passive versus active stimulus presentation on perceived pleasantness may be 
partly mediated by bodily site of stimulation. A specialized class of peripheral C-class 
afferents known as C-touch (CT) fibers (Vallbo et al., 1999; Olausson et al., 2002; Loken et 
al., 2009) is present in the hairy skin and the face, but absent from the glabrous skin of the 
palms (used for active exploration). The CT fibers respond preferentially to slow, stroking 
touch and project directly to the posterior insular cortex rather than primary somatosensory 
cortex, suggesting an afferent system that is specialized for social stimuli and is distinct 
from the fast-conducting, myelinated A-beta fibers that innervate cutaneous receptors in the 
palm and mediate discriminative touch (Sewards & Sewards, 2002; McGlone et al., 2007).
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Previous studies used pleasantness ratings for a range of passively received textures in adults 
with ASD and found patterns of hedonic (pleasantness) ratings that were strikingly similar to 
typical adults for unpleasant, neutral, and pleasant textures (Cascio et al., 2008; 2012). In 
spite of this similarity in self-reported hedonic experience of the textures, global brain 
response to each of the textures was diminished in the ASD group, particularly for pleasant 
and neutral textures. For the most unpleasant texture, some affective processing brain 
regions such as the insula were more responsive in the ASD group (Cascio et al., 2012), 
suggesting a heightened negative affective response, despite rating the material similarly to 
controls in its unpleasantness. This discrepancy between hedonic ratings and neural response 
may reflect an effect of experience in adults: perhaps initially more intense negative 
behavioral responses to touch are dampened over time through repeated exposure and 
greater awareness of social norms, while the neural response continues to reveal aberrant 
affective processing of touch. To begin to investigate this possibility, we set out to measure 
hedonic behavioral response to touch in young children with ASD.
Despite developmental challenges associated with obtaining reliable psychophysical ratings 
from children, researchers and clinicians who specialize in pain have developed several 
effective tools for overcoming these challenges and have validated them to ensure that they 
produce accurate self-report of affective perceptual experience from children. A common 
and well-validated tool is an ordinal scale with cartoon faces as anchor points, such as the 
Wong-Baker FACES scale (Wong and Baker, 1988; Keck et al., 1996; Garra et al., 2010) for 
assessing perceived pain in children. Ordinal scales using descriptive words as anchor points 
have also been used successfully in self-report (Keck et al., 1996). In the current study, our 
aim was to investigate the effects of tactile material and bodily site of stimulation (sites 
chosen for differential innervation by CT-afferents) on hedonic responses to passively 
received touch in young children with ASD compared to both a typically developing group 
(TD) and a group with generalized developmental disability (DD). Further, we wished to 
facilitate comparison with adult studies that utilize self-report. Thus, we obtained both self-
reported hedonic ratings by training participants to use an adaptation of the FACES scale, 
and recorded observational measures of tactile defensiveness behavior using a manualized 
coding system developed for the Tactile Defensiveness and Discrimination Test-Revised 
(Baranek et al., 1997; Foss-Feig et al., 2012).
Method
Participants
Participants included 33 children with ASD, 20 children with other DD, and 56 children 
with TD, all of whom were a subset of participants from a larger federally funded 
longitudinal study about sensory experiences in ASD. Table 1 provides information 
regarding participant demographics. Families were recruited through strategies including e-
mail listservs, brochures, a university-based research registry, parent support groups, 
advocacy groups, and local conferences. The university's institutional review board approved 
measures and procedures in advance; parents gave consent for participation and were 
provided with monetary compensation for their participation in the larger study ($25-75, 
Cascio et al. Page 3
J Autism Dev Disord. Author manuscript; available in PMC 2017 May 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
depending on the extent of their involvement). Participants were screened following 
enrollment to confirm that both their vision and hearing were within normal limits.
Participants with ASD had received a diagnosis of Autistic Disorder, Asperger's Disorder, or 
Pervasive Developmental Disorder – Not Otherwise Specified by an independent physician 
or licensed psychologist prior to their involvement in the study. All ASD participants met 
criteria for autism spectrum disorder on the Autism Diagnostic Interview – Revised (ADI-R; 
LeCouteur, Lord, & Rutter, 2003) and/or the Autism Diagnostic Observation Schedule 
(ADOS; Lord, Rutter, DiLavore, & Risi, 1999), and met criteria for a DSM-IV diagnosis of 
autistic disorder based on expert clinical impression. All ADOS and ADI-R assessors had 
achieved research reliability and were supervised by an experienced clinical coordinator, 
who reviewed all assessment data and community records and derived an expert clinical 
judgment for each case.
The DD group was comprised of participants with either a known genetic syndrome 
associated with intellectual disability (e.g., Down syndrome; n = 11), a nonspecific 
developmental delay based on a cognitive assessment with IQ >2 standard deviations below 
the mean or significant delays (>1.5 standard deviations below the mean) in two 
developmental domains (e.g., expressive language, receptive language, visual reception, fine 
or gross motor, adaptive behavior; n = 7), or developmental delay associated with 
prematurity (n = 2). Potential participants were excluded from the DD group if they met 
criteria for autism on the ADOS or on the Childhood Autism Rating Scale (Schopler, 
Reichler, & Renner, 1998). The group with TD was comprised of children who had no 
history of learning or developmental problems, and did not include children who received 
special education services.
For all three groups (i.e., ASD, DD, TD), exclusionary criteria were as follows: diagnosis of 
any genetic condition associated with autism, seizure disorder, mental age (MA) below 6 
months, or receipt of psychopharmacological treatments (e.g., antipsychotics) that might 
alter typical sensory responses.
Procedures
The primary task of interest involved passive touch from three different textures (unpleasant: 
plastic mesh; pleasant: soft fleece; social: experimenter's finger) at three different sites on 
the participant's upper body with various levels of CT afferent innervation (perioral face; 
dorsal forearm; thenar palm). A trained experimenter administered each texture x site 
combination twice for a total of 18 trials. Participants who were successful in completing 
training prior to the task (detailed in the following section), used a 5-point Likert scale with 
child-friendly “smiley face” icons (modeled after Wong and Baker, 1988; see Figure 1) to 
self-rate the pleasantness or unpleasantness of the touch (1 = really bad; 2 = pretty bad; 3 = 
okay; 4 = pretty good; 5 = really good). In addition to affective rating from the participant, 
the examiner also coded the participant's immediate reaction after each trial for displays of 
defensiveness, using a 0-3 scale (0 = no negative reaction within 5 seconds; 1 = slight 
negative reaction; 2 = definite negative reaction; 3 = severe negative reaction). The 
experimenter randomly assigned each participant one of three different orders of trials.
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Prior to the aforementioned task, the experimenter provided brief instruction regarding the 
Likert scale (“smiley face”) affective rating procedures to each participant. Training with 
various textured stimuli or cards depicting various foods were used to practice assigning 
hedonic ratings; the consistency of responses during this practice session was the basis upon 
which the examiner determined whether the participant understood the pleasant/unpleasant 
self-report task. If the experimenter determined after the instruction that the participant did 
not understand the pleasant/unpleasant self-report portion of the task, the experimental 
procedure (18 trials) proceeded with only examiner defensiveness ratings and did not 
include participant self-report ratings. This resulted in the exclusion of self-report ratings for 
5 children in the ASD group, 5 in the DD group, and 4 in the TD group.
In addition to the aforementioned screening and diagnostic measures, study participation 
also consisted of cognitive testing and completion of a caregiver questionnaire.
Measures
Cognitive measures—Each participant's nonverbal MA was determined based on either 
the Stanford-Binet Intelligence Scales, Fifth Edition (SB5; Roid, 2003) Nonverbal IQ score 
(n=97), or the Mullen Scales of Early Learning (MSEL; Mullen, 1995) age equivalent of the 
Visual Reception (VR) scale (n=12). The SB5 is a standardized measure of cognitive 
functioning appropriate for individuals 2 years of age and older, while the MSEL is a 
standardized measure of cognitive functioning for children from birth to 68 months of age.
Sensory measure—Additional information regarding participants' sensory experiences 
and features was gathered using the Sensory Experiences Questionnaire, version 2.1 (SEQ; 
Baranek, 1999—unpublished manuscript; Baranek, David, Poe, Stone, & Watson, 2006). 
The SEQ is a 43-item (5-point, Likert-type scale) parent-report questionnaire that measures 
sensory features across different modalities categorized by three sensory response patterns 
(i.e., hyporesponsiveness, hyperresponsiveness, and sensory seeking) in children between 
the ages of 6 months and 12 years. The items elicit information regarding tactile, auditory, 
visual, vestibular-proprioceptive, and gustatory-olfactory experiences. Previous research has 
demonstrated excellent reliability and internal consistency of the SEQ (see Little et al., 
2011). The SEQ has been used previously with clinical populations, including children with 
ASD and DD (Baranek et al., 2006; Boyd et al., 2010; Watson et al., 2010). The mean of the 
items addressing tactile response in the SEQ was calculated and utilized in correlation 
analyses.
Data Analysis
Scores across the two trials for each combination of material and site were averaged for each 
participant. Separate models were run for average self-report pleasantness ratings and 
examiner-coded defensiveness scores. Because both outcome variables were ordinal, with 
fewer than 10 levels, proportional odds models (Walker & Duncan, 1967; McCullagh, 1980) 
were used, with either self-report pleasantness rating or examiner rating of defensiveness as 
the outcome variable, and group, material, and bodily site as predictor variables. A robust 
covariance matrix estimate was used in each model to correct for correlated responses (4 
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participants had data from two time points). Because sensory symptoms have been shown to 
be related to mental age (MA), MA was included as a covariate in both models.
Correlation of self- ratings and examiner ratings with the mean of tactile items on the SEQ 
and clinical scores were computed using Spearman's rho across the sample and separately by 
group.
Results
Affective ratings
Both diagnostic group and material affected affective ratings. In the model examining the 
affective ratings given by the participants, there was a significant main effect of group 
(χ2(10)=20.84, p=0.022) and material ((χ2(6)=52.62, p<0.0001). The effect of site was not 
significant, and there were no significant interactions between independent variables, 
although the interaction between group and material approached statistical significance 
((χ2(4)=8.93, p=0.0630). There was no significant main effect of MA ((χ2(1)=0.43, 
p=0.5109). Because the distribution of the rating data violated the assumption of normality, 
the nonparametric Mann-Whitney U test was used to explore these effects further. This 
analysis demonstrated that the ASD and DD group did not differ significantly from each 
other in their ratings of any of the materials. The two clinical groups both gave lower ratings 
for the fleece (pleasant) and skin (social touch) materials (Fleece: ASD vs. TD: (p=0.004), 
DD vs. TD: p=0.056; Skin: ASD vs. TD: p=0.059, DD vs. TD (p=0.041)), but their ratings 
of the unpleasant mesh material did not differ from the TD group (Figure 2). The main effect 
of material is also apparent in Figure 2.
Defensiveness scores
Both diagnostic group and bodily site affected defensiveness scores. In the model examining 
the defensiveness scores given by the examiner, there was again a significant main effect of 
group (χ2(10)=26.51, p=0.0031), and a main effect of bodily site ((χ2(6)=16.85, p=0.0099). 
Neither the effect of material nor any interactions between independent variables were 
statistically significant. There was, however, a significant main effect of MA ((χ2(1)=5.39, 
p=0.0202).
The distribution of the defensiveness data also violated the assumption of normality, thus the 
Mann-Whitney U test was used to explore these effects as well. This analysis demonstrated 
that neither the ASD and DD group nor the DD and TD group differed significantly from 
each other in their defensiveness reactions for any of the bodily sites. As is evident from 
Figure 3, the variability in the clinical groups was quite high compared to the TD group, and 
both groups had higher defensiveness scores overall than the TD group.
The ASD group had statistically significantly higher defensiveness reactions than the TD 
group at the two bodily sites innervated by CT fibers (perioral: p=0.024, forearm: p=0.014) 
and showed a trend in the direction of demonstrating higher defensiveness reactions than the 
TD group at the bodily site that is not innervated by CT afferents (thenar: p=0.063). While 
the DD group also exhibited more defensiveness than the TD group at all three sites, these 
differences did not reach statistical significance.
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Correlations between ratings and defensiveness
Because it was expected that defensiveness scores and pleasantness ratings would be 
negatively correlated, we sought to verify this using Spearman's rho correlation coefficients 
performed both across the sample and separately for each group for each of the materials 
and bodily sites. As expected, there were no significant positive correlations, and most 
correlations were negative (i.e., high levels of defensiveness were associated with low 
pleasantness ratings, see Table 4). The fleece material and the thenar and perioral bodily 
sites showed statistically significant negative correlations across groups; the patterns of 
correlation strengths across sites and materials differed between the three groups.
Correlations with parent report measures
Spearman's rho partial correlation coefficients were computed with MA for each group 
separately to assess relation between affective rating or defensiveness score and the tactile 
subscale of the SEQ. For the tactile subscale of the SEQ, there were no significant relations 
between parent report of tactile symptoms and ratings for the ASD and TD groups. The DD 
group exhibited significant positive correlations between parent report of tactile symptoms 
and ratings for fleece (ρ=0.649, p=.031) and overall ratings across the three textures (ρ 
=0.738, p=.01). In other words, in this group, parent report of more unusual tactile responses 
was associated with higher pleasantness ratings. There were no significant relations between 
parent report of tactile symptoms and experimenter score of tactile defensiveness for the TD 
and DD groups. The ASD group showed significant positive correlations between parent 
report of tactile symptoms and defensiveness at the thenar site (ρ =0.363, p=.045) and 
overall defensiveness score (ρ =0.360, p=.047); in this group, parent report of more unusual 
higher tactile responses was related to higher levels of defensiveness. While these relations 
all remained significant when MA was partialled out, none of them remained after correction 
for multiple comparisons.
For the ASD group, we examined correlation between the self-report rating and examiner-
coded defensiveness scores and the subscales of the ADI-R for current behavior, using 
nonparametric correlations as above. There was a significant negative correlation between 
rating for the fleece material and nonverbal communication impairment (ρ =− 0.560, p=.02). 
In other words, higher pleasantness ratings were associated with less impaired 
communication. There was also a trend for a positive correlation between rating for the mesh 
material and social impairment (ρ =0.459, p=.055); higher pleasantness ratings for mesh 
were associated with more severe social impairment. Similarly, there were significant 
correlations between defensiveness at the forearm (ρ = 0.444, p=.05) and perioral (ρ =0.502, 
p=.024) sites and current social impairment. In other words, at the forearm and perioral sites, 
increased defensiveness was associated with more severe social impairment. When MA was 
partialled out, the relations between fleece rating and nonverbal communication impairment 
and defensiveness for the perioral site and social impairment remained, although none of the 
correlations remained after correction for multiple comparisons.
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Discussion
Group effects
Overall, both clinical groups gave lower self-ratings and exhibited higher levels of examiner-
coded tactile defensiveness relative to the TD group. The clinical groups gave lower self-
report ratings for the pleasant and social materials (fleece and skin), but did not differ from 
the TD group in their ratings of the unpleasant material (mesh), suggesting that all three 
groups found the mesh similarly unpleasant. The ASD group differed significantly from the 
TD group in examiner-scored defensiveness at the perioral and forearm sites, while the DD 
group did not differ significantly from either group. While this may indicate specificity of 
defensiveness at these sites for children on the autism spectrum, and thus implicate the CT 
afferent system in ASD, the lack of group differences between the DD and other groups 
should be interpreted in the context of the small size, heterogeneous makeup, and large 
variability of defensiveness responses in the DD group.
The group results are in accord with previous findings that sensory defensiveness is 
generally heightened in children with developmental disabilities relative to their typically-
developing peers (Rogers et al., 2005; Baranek et al., 2006). To the body of literature that 
has previously assessed sensory defensiveness with parent report and observed 
defensiveness reactions, the current study adds self-report hedonic (pleasantness) ratings as a 
novel way to assess affective response to sensory stimuli in young children with disabilities.
Concordance between self-rating of pleasantness and examiner-coded defensiveness
Correlations between defensiveness score and pleasantness rating were consistently 
negative, as expected, reflecting higher observed defensiveness for stimuli that elicited lower 
pleasantness ratings. Although nearly all materials and bodily sites showed at least a slight 
negative correlation, the pattern of correlations suggests that children in all groups may have 
had differential ability to ascribe affective ratings that reflected their defensiveness behaviors 
across materials and bodily sites. The mesh material elicited the least consistency between 
affective ratings and defensiveness response, particularly in the DD group, which actually 
showed relatively strong correlation in the opposite direction (higher ratings associated with 
more defensiveness reactions). Because most other correlations for the DD group were in the 
expected direction, we do not attribute this surprising result to a lack of comprehension for 
the rating task. A more plausible interpretation is that children with DD may have had a 
stronger desire to please the experimenter by giving higher-than-expected ratings for this 
material when in fact their behavior revealed more negative affect. Nonverbal responses that 
are subjected to a rigorous coding structure as in the present study are considered more 
reliable and less susceptible to dissimulation than verbal report in the pain field (Craig & 
Prkachin, 1983); this should be a consideration when applying this self-report method to 
young clinical samples in the future, particularly for stimuli that are emotionally negative.
In contrast, high levels of concordance between examiner-coded defensiveness and self-
ratings were seen for the fleece material and the perioral site. Although the concordance was 
present for all three groups, it reached statistical significance only for the TD group. This is 
likely attributable to the combination of higher ratings given by the TD group relative to 
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both clinical groups, and the very low levels of defensiveness in the TD group. We speculate 
that the unusual experience of contact from a stranger on the perioral region may have been 
disarming and particularly robust against the kind of contextually-motivated discrepancy 
between behavior and verbal report described above for the mesh material.
Effect of material on rating and site on defensiveness
Aside from group effects, it was interesting to note the double dissociation (two predictor 
variables that each predict only one of two outcome variables, having no effect on the other) 
that emerged from the ratings and defensiveness variables: material was a significant 
predictor for rating but not defensiveness, whereas bodily site was a significant predictor for 
defensiveness, but not rating. These findings are consistent with previous studies both in 
typical adults (Essick et al., 2010) and adults with autism (Cascio et al., 2008) measuring 
self-report of pleasantness: material strongly affects pleasantness ratings but the effects of 
bodily site of stimulation are weak or absent. What our combined approach allowed us to 
demonstrate is that, in the current sample, another method (observation of defensiveness 
reactions) of probing affective response to touch does reveal an effect of bodily site. 
Although it is unknown what the source of the double dissociation is, one could speculate 
that overt verbal responses are biased toward evaluation the properties of materials that 
could be described verbally (e.g., soft, rough, smooth, etc.), and therefore focus attention on 
the material itself when providing pleasantness ratings. In contrast, the observable, 
nonverbal defensiveness behaviors that we quantified (e.g., change in facial expression, 
wincing, withdrawal from stimulus), are likely to be mediated by more automatic processes 
that would be more tightly linked to bodily location than external stimulus properties. It 
would be interesting, albeit challenging given the tendency for sensory defensiveness 
responses to decline with developmental maturity, to explore the development of a 
behavioral coding system to assess tactile defensiveness reactions in adolescents and adults. 
Because of the differential innervation of glabrous and hairy skin with CT mechanoreceptors 
that respond to slow, stroking touch that is generally perceived as pleasant (Vallbo et al., 
1999), a paradigm that unmasks potential effects of bodily site in the broader population 
could provide further support for the role of this afferent system in pleasant touch.
Correlations with parent report of sensory symptoms
We noted significant correlations between parent report of sensory symptoms and ratings for 
the DD group, and between parent report and defensiveness for the ASD group. Somewhat 
surprisingly, these were the only significant relations found with parent report of sensory 
symptoms. It should be noted that tactile experience in everyday life and in a laboratory 
setting are quite different. The predictable, repeated, stimulation administered by an 
experimenter is limited in its ecological validity, and introduces many factors that could 
differentiate it from defensiveness or verbal report of affective response in daily life. These 
include the ability to anticipate and prepare for a series of controlled stimuli in the 
laboratory in contrast to unexpected encounters with touch in daily life; the social 
component of all stimuli being administered by an unfamiliar adult in the laboratory in 
contrast to a combination of nonsocial tactile experiences, as well as social with both 
familiar and unfamiliar people in daily life; and the entirely passive nature of the stimulation 
in the laboratory as opposed to a combination of active tactile exploration and passive touch 
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in daily life. Additionally, there may have been differences in parental criteria for endorsing 
defensiveness behaviors as compared to the structured observational coding system and self-
report paradigms used in the laboratory.
Correlations with parent report of current autism symptoms
We noted several relations between ratings or defensiveness scores to touch and current 
clinical symptoms in the ASD group, which is consistent with prior reports of relation 
between autism symptoms and sensory processing difficulties (Boyd et al., 2010; Foss-Feig 
et al., 2012; Robertson and Simmons, 2012). Of note was that social impairment was 
associated with defensiveness to the passively-presented materials at the two sites that are 
innervated by CT afferents (perioral and forearm) but not at the thenar palm site (Vallbo et 
al., 1999). This association provides some rationale for continued investigation of possible 
abnormalities of the CT “social touch” system in ASD.
There was a lack of association between either tactile defensiveness behaviors or ratings and 
repetitive behaviors as assessed by parent report using the ADI-R. Previous work suggests a 
link between generalized sensory defensiveness (i.e., hyperresponsiveness) and repetitive 
behaviors (Boyd et al., 2010), but a study focusing solely on tactile defensiveness did not 
show such a link (Foss-Feig et al., 2012), which may indicate that sensory modality plays a 
role in the link between hyperresponsiveness and repetitive behaviors. Given the disparate 
patterns of sensory response across sensory modalities in individuals who exhibit 
hyperresponsiveness (Leekam et al. 2007; Ben-Sasson et al., 2009), it may be useful in 
future experimental studies to focus on a single sensory modality.
Study limitations and conclusions
This study had several strengths: a relatively large and well-characterized sample, a unique 
combination of verbal report and observed behavior, and a focus on an understudied sensory 
modality that is likely to have a substantial impact on early social and communication. The 
study also had some limitations: our DD comparison group was heterogenous and included 
children with DD of known genetic etiology (e.g., Down syndrome), for whom the 
developmental trajectory and behavioral symptoms are known to differ from ASD and which 
may limit generalizability of findings to the broader population of children with DD. Both 
outcome variables were ordinal and thus were inherently limited in variability, which may 
have decreased power to detect subtler group differences between the ASD and DD groups. 
In spite of these limitations, this study uncovered important new information about tactile 
response in ASD. Unlike adults with ASD (Cascio et al., 2012), children with ASD (and 
DD) do differ significantly from typically developing children in their affective ratings of 
various textured materials, rating them as less pleasant, particularly for social touch (skin) 
and a material typically judged as pleasant (fleece). This supports the observation that the 
lack of perceptual differences in adults with ASD as measured by self report is paradoxically 
accompanied by substantial differences in the cortical response to these tactile experiences, 
including diminished response to pleasant and neutral textures and heightened response of 
limbic regions to unpleasant textures (Cascio et al., 2012). Taken together, these two studies 
suggest that the similar ratings given by adults with and without ASD may reflect a 
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developmental process of learning to inhibit negative affective response to touch in 
individuals with ASD.
We validated the self-report ratings by also measuring examiner coded behavioral 
defensiveness to each stimulus. The expected inverse relationship between defensiveness 
behavioral scores and pleasantness ratings suggest that the careful use of a self-report 
measure could be a helpful way to measure sensory responses in children with ASD that 
would enable better comparisons with adults. Our combined approach also allowed us to 
uncover a double dissociation in the effects of stimulus material and bodily site on self-
reported pleasantness and behavioral scores of defensiveness reactions. While the material 
itself predicted self-report ratings but not behavioral defensiveness scores, the bodily site of 
stimulation predicted behavioral defensiveness scores but not self-report ratings of 
pleasantness.
Finally, we noted significant correlation between current social impairment and behavioral 
coding of defensiveness at the two bodily sites innervated by the CT afferent system. This 
somatic specificity of the relation between defensiveness and social impairment suggests 
that further investigation of CT afferent (or “social touch”) dysfunction in ASD is warranted.
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Figure 1. 
5-point scale used for affective ratings of tactile stimuli.
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Figure 2. 
Box plots of affective ratings of pleasantness for each material in the three groups.
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Figure 3. 
Box plots of examiner-coded rating of defensiveness for each bodily site in the three groups.
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Table 2
Model output for pleasantness (self-report) ratings. The model yielded a significant main effect of group and 
material, with no significant effect of site of stimulation and no significant interactions among predictor 
variables (although there was a trend for an interaction between material and group).
Factor χ2 d.f. p
Group (factor + higher order factors) 20.84 10 0.022
All interactions 13.36 8 0.1000
MA 0.43 1 0.5109
Material (factor + higher order factors) 52.62 6 <0.0001
All interactions 7.86 4 0.0968
Site (factor + higher order factors) 7.53 6 0.2749
All interactions 5.08 4 0.2789
Group x material (factor + higher order factors) 7.86 4 0.0968
Group x site (factor + higher order factors) 5.08 4 0.2789
Total interaction 13.36 8 0.1000
Total 78.54 15 <0.0001
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Table 3
Model output for defensiveness ratings. The model yielded a significant main effect of group and site of 
stimulation, with no significant effect of material and no significant interactions among predictor variables.
Factor χ2 d.f. p
Group (factor + higher order factors) 26.51 10 0.0031
All interactions 12.75 8 0.1206
MA 5.39 1 0.0202
Material (factor + higher order factors) 9.16 6 0.1648
All interactions 5.46 4 0.2436
Site (factor + higher order factors) 16.85 6 0.0099
All interactions 4.14 4 0.3873
Group x material (factor + higher order factors) 5.46 4 0.2436
Group x site (factor + higher order factors) 4.14 4 0.3873
Total interaction 12.75 8 0.1206
Total 46.85 15 <0.0001
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Table 4
Spearman's rho correlation coefficients for ratings (self-report) and observed tactile defensiveness for each 
material and bodily site tested. *: p value of correlation coefficient < .05.
Material All groups ASD DD TD
Fleece -.324* -.184 -.258 -.340*
Mesh .059 -.009 .378 -.029
Skin -.192 -.288 -.232 -.015
 Site
Thenar -.210* -.337 .046 -.223
Forearm -.157 .077 -.137 -.221
Perioral -.250* -.215 -.422 -.136
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